






C . BXPORT No. 776-66 
USA 0 % .  

~ 1 INTRODUCTION AND SUMMARY 

During the ,investigation under contracts NAS 5-3452 and NAS 5-9106, 

we found t h a t  sealed silver-cadmium c e l l s  must be designed spec i f ica l -  

l y  t o  meet current density and ampere-hour requiremints f o r  a par t ic -  

u l a r  o r b i t a l  regime. . Since t h i s  contract  s t a t e s  t h a t  the  c e l l s  are  t o  
. . 

be optimized f o r  'the 1 .5  ', 8 , and 24 hour orbi ts ,  three  d i f fe ren t  de- 
. . 

1 

signs were chosen a f t e r  a thorough review of the past  contractual  e f -  . . 

f o r t s  on silver-cadmi;um c e l l s  which were sponsored by the National Aero- 
i . . 

. , '  
nautics and Space Administration. . 

* 
Specifically,  the design imprqvements which w i l l  be incorporated 

the 'cel ls  a re  : 

1. Control of the s i l v e r  electrode density.  

2. Use of non-woven polyamide on the posi t ive  and negative 
electrodes.  

3 .  Control of the uniformity of separatbr mater ia ls .  

4, Use of "ruggedized" ( ~ e f l o n  and f i b e r s )  negative. electrodes.  . . , ' 

L . . - 
5 .. Contr.01 of 'ce l l  e lec t ro ly te  l eve l .  A - 

e 

6. optimum e lec t ro ly te  concentration. 
9 .  

i 

. 7 Third electrodes f o r  gas recombination. 

Other improvements i n  the design of silver-cadmium c e l l s  which show 

limited o r  t rans i to ry  effects  are:  lead ( ~ b )  platkng of the s i l v e r  e lec-  
. . 

trod; and gr id ,  and use of s tab is tors  ' f o r  charge control .  ~ h e k e  items 
b 

w i l l  be discussed i n  the t ex t  which follows, but w i l l  not  be used i n  
a 

the  final A l l  designs, a = 

r 

'This r6port  a l so  includes the f ina l ized  c e l l  designs, c e l l  and as- 
' 4 

d a 

. o  
0 

s a . . 
a 1 

< .  . . -- - .- A 



a 

. &ORT NO. 776-66 .... 
NASA b 

. - 
sep t  

4 1966 

2 

1 

sembly drawiqs  , separator composition, process parameters ( for  "rug- 

gedized" CdO electrodes ), and description and manufacturers of c e l l  

components. A complete review of past  NASA contracts on sealed s i l ve r -  

cadmium c e l l s  i s  not presented i n  d e t a i l  i n  the discussion. Par t s  of 
* 

, t h i s  review are  dnly presented i n  conjunction with the various selected 
. . . , 

design improvements which w i l l  be incorporated i n  the c e l l s .  . .! 

2 REEOMbENDED DESIGN IMPROVEMENTS A 

.As a basis  f o r  the f i n a l  c e l l  designs, we w i l l  f i r s t i d i s c u s s . t h e  im- 

provements which w i l l  be u t i l i z e d  i n  the  construction of sealed s i l ve r -  
t 

cadmium c e l l s  f o r  Phase I1 of t h i s  contract .  

2,1 Control Of The Si lver  Electrode Deniity 

Work done &der contract  NAS 5-3452 ( ~ u a r t e r l y  Reports Nos. 3 and 4)  

. . has shown t h a t  improvement i n  the mater ia l  u t i l i z a t i o n  of the s i l v e r  '. 
electrode a t  high r a t e s  has been achieved by dec~eas ing  the p l a t e  density - *  

* 

from 4 .8 t o  4.2 d c c .  Figure 1 .shows the  e f f ec t  of p la te  densi ty  on si l-  
. . 

ver  u t i l i z a t i o n  a t  600, 1200 and 2000 cycles on the LOO minute o r b i t  a t  

35% depth of discharge. It can be seen t h a t  the eff ic iency of s i l v e r  a t  

4.2 g/cc, based on ampere-hours per cubic centimeter of pla te ,  is  about 
I 

1 .  16% be t t e r  than s i l v e r  a t  4.8 g/cc. Also, 4.2 g/cc i s  the optimum den- 

sitf based on ampere-hop per .  gram u t i l i z a t i o n  of s i l v e r .  Reducing the 

I 
k 

s i l v e r  densi ty  t o  3.6 g/cc r e su l t s  i n  an electrode which i n i t i a l l y  yie lds  . 

superior AH/@; u t i l i za t ion ,  but i t s  cap ic i ty  decays with subsequent cy- % 

* 
cPfng of €he electrodes because of the poor mechanical s t a b i l i t y ,  

I ' 
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b : 
tained by decreasing the s i lve r  density i n  ce l l s  which were cycled on 

For the design of the ce l l s  t o  meet the 1.5 hour o rb i t  requirements, 
. , 

4.2. g/cc. The density of t6e s i lve r  electrodes .for the 8 and 24 hour 
,/ . 

shown tha t  the use of non-woven polyamides on the posit ive electrode 

such as Pellon 2 5 0 6 ~ ) ~  improves the high r a t e  charge eff ic iency of 

he s i lve r  electrode i n  comparison with woven nylon. 1; addition, 

en f ree  electrolyte  is  removed. For example, a t  45 psia  the i n i t i a l  I 

The value fo r  c e l l s  ;ontaining a normal quantity of KOH was - about 0.9 

=/in2. I t  should be noted tha t  althougr removing a i l  the f r ee  elec- 
I 

a. 
ny-lon interseparator improves 

u. 



1 .  s t ructed with waven nylon. 

The use of non-woven fabr ics  on both the posi t ive  and negative elec- 

trode has a l so  been thorowhly studied on a prolonged f l o a t  type re-. 



Sept 
1966 . 

E 
i: 
c 

C-19 i s  3.2 + 0.2 mils .  Because of these f a c t s  it w i l l  be necessary t o  
b 

randomly check the sep&ators from each spec i f ic  l o t  from which c e l l s  

w i l l  be fabr icated.  To accomplish th i s ,  the materials w i l l  be main- 

tained under a mechanical pressure of 4 p s i  during the soaking period 

and the percent expansion~measured. I f  the  t o t a l  separator expansion 
. . . . 

is l e s s  than the design value, p l a s t i c  spacers could be positioned on 
. . 
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2.4 Use Of " ~ u ~ ~ e d i z e d "  ( ~ e f l o n  &d ~ i b e r s )  Negative Electrodes 4 ,  

During our evaluation of Teflon addit ives t o  the  negative t o  improve 
- 

gas recombination, it was found t h a t  the 'p la tes '  p l a s t i c  properties a l -  

so added considerably, to  i t s  mechanical s t rength.  However, without any 

addi t ional  binders the plates  developed severe cracks during cycling. . 

, It was therefore necessary t o  provide the electrodes with addi t ional  . . 

s t rength by the incorporation of a fibrous,matrix. The G c t i o n  of the 

p l a s t i c  binder t hus  became t o  inter lock the cadmium oxiqe pa r t i c l e s  . . 

. , around nylon f ibe r s  ; it was found. t h a t  t h i s  combination grea t ly  increased 

, . the durab i l i ty  of the 'e lectrodes .  Cadmium oxide electrodes with a r i g i d  

s t ructure  were prepared by the addit ion of 0.5 - 2.5% Teflon and 0.10 - 
* - 

0 ~ 2 %  nylon f ibe r s  (by weight) t o  the cadmium oxide, 

It was found t h a t  the  higher loadings of Teflon g rea t ly  increased 
\ 

v . 

the amount of pressure necessary t o  compress the  mixture on the conduc- 
. . 

2 t i v e  gr id .  Also, 'during high r a t e  charging ( i  .e . 60 - 100 ma/in ) the 

I 
polar izat ion on these negatives i s  quite high, which necessi ta tes  a high- ~ . - *  
e r  ciit-off voltage f o r  the c e l l .  The negative electrodes fabr icated with 

only 1% Teflon do not require high pressure t o  compress and. the polariza- 

t i o n  charac te r i s t ics  a re  only s l i g h t l y  higher than electrodes without 
0 

T e f b n  during high r a t e  charging. '. .-. 
.'\ . - 

I 
, Ruggedized cadmim electrodes which contained 2.5% Teflon which were 

2 
I cycled on a d e e p  discharge regime a t  Ie = 883 ma/in and ID = 150 ma/in 

2 
I )  a 

shc&ed almost 9% of o r ig ina l  capacity re ten t ion  a f t e r  400 cyc f i s ,  The 

. 4 ' -  

. :* 4 

- .  0 

: \ 

6 '  . 6 , 
* 



I 

o u t p u t .  The specif ic  values fo r  the ruggedized and sponge negatives were 

0.27 and 0.16 AH/g, respectively. BET surface area measurements 

showed tha t  the ruggedized electrode actual ly  increased i n  area from 

'2 2 6.2 m /@; t o  6.55 m .Ig a f t e r  cycling, while the control electrode area . - 
, 

2 2 decreased from 5.95 m /g t o  4.6 m Ig a f t e r  the same number of cycles. 

Following t h i s  experiment a 5 ampere-hour, 5-ce i l  bat tery was con- 

structed which included i n  i ts  design plastic-bound, fibrous negatives, 
0 

along with low density s i lve r  electrodes, one Pellon 2 5 0 6 ~  on the posi- 

. .  , 
t i v e  and negative and 5 turns of C-19 main separator. This battery,  -. -_ 
along with one of a more standard design, was a l so  evaluated on a deep 

. 
. . cycle regime. It was found tha t  a f t e r  420 cycles the ruggedized design 

was giving 5.5 AH while the control had dropped t o  about 4 AH, o r  a loss  
t ' 

' i n  capacity bf about 4% based on i n i t i a l  output. The improved u t i l i z a -  

t i on  of the rugge'dized negative electrodes may be due i n  par t  t o  . the , 

f a c t  tha t  the wet-proofing binder decreases the KOH electrolyte  reten- 
- .  

Lion of the plate  by about 1%. It i s  obvious then, t ha t  the quantity 

of oxidized soluble separator debris which is known t o  decrease Cd u t i l -  - 
fzation i s  a l so  substant ial ly  reduced. The p l a s t i c  binder-fiber-combina- 

' . ,a 

.. . tion- a l so  prevents cracking of the electrode which i s  probably due t o  
' 

I -', densification and shrinking of the metal with cycling. This - 'shrinkage 

bas also been found t o  decrease the u t i l i z a t i o n  of cadmium in  untreated 
it P 

plqtes .  . a. - 
. 4  . . 
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Because of the s l i g h t l y  higher resistance of the ruggedized plates ,  

the amount of Teflon in  the c e l l s  f o r  the l , 5  hour o rb i t  w i l l  be reduced 
L . . 

t o  0.5%. For the 8 and 24 hour o r b i t a l  c e l l s  1.0% Teflon w i l l  b e  used i' 
i n  the negative m i x . '  

2 .  Z 
2.5 Control Of Cel l  Electrolyte Level' 

. Control of the electrolyte  quantity (rather than electrolyte  l eve l )  

h a sealed c e l l  is necessary t o  insure maximum oxygen recombination with 
,' t 

. cadmium. We have reviewed the 'work tha t  Elec t r ic  Storage Battery Co. 
v 

'has done on bellows control of e l6ctrolyte  leve ls  ( c o n t r a c t  &S 5-3813) . * 

I 

This approach obviously decreases the energy density (Wh/lb) of the  

c e l l .  Moreover, with the use of th i rd  electrodes bibulous interseparator 
. . 

. - material, and i n i t i a l  e lectrolyte  adjustment, maximum gas recombination 
- 4  

is  obtained without extremely careful  e l  c t rolyte  l e v e l  control during + 7 J 

subsequent cycling. . 
b 

For the three c e l l  designs therefore, e lectrolyte  removal need involve . 

only tha t  quantity which is necessary t o  expose the maximum i r e a  of the . 

. . 
. t h i rd  electrode fo r  recombination. ' 1 

2.6 Optimum Electrolyte Concentration 

' The choice of the optimum electrolyte  concentration has been shown t o  . , 

. depend for  the most par t  on temperature extremes which are  imposed on '. .'. 
.'\ . A 

. the battery.  To some 'degree it a lso  depends upon the orbital. regime re- 

(~u i remen t s~  Since the temperature and capacity requirements of t h i s  eon- * 
3.. 

trac,t are  OOC t o  ~ O O C  and 4% depth of discharge res.pectively, the elec- 

4 .  
1: - 

w - 
e3, 

b "c 
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t h i rd  electrodes aTe positioned on the edge of the c e l l  pack i n  order 
< 

i 

t o  preferent ial ly  avoid'discharging on on the end Cd electrodes during 

overcharge. This preferent ia l  discharge would reduce c e l l  capacity i n  

inverse proportion t o  the number of Cd electrodes present. . 
It has f'urther;been found tha t  the c e l l  separator system must be spec- 

. * . . 

i f i c a l l y  designed t o  accommodate a th i rd  electrode. In  a.standard c e l l  

design, e lectrolyte  expelled from the posit ive compartment during over- 
* 

harge w i l l  increase the le$el i n  the negative compartment and thus sub- #' 

1 

erge the 3rd electrode, This leads t o  a decrease i n  the recombination . 
a te  even though pressure is  increasing. I f  the overal l  e lectrolyte  

1 

quantity i s  reduced, performande suffers .  However, t h i s  problem can be 
. .. . . 

inimized by increasing the electrolyte  quantity and storage space avai l -  

b le  i n  the posit ive compartment. As already discussed, t h i s  i s  accom- 

lished by \decreasing the posit ive e l ec t  # ode density and increasing the 

t of non-woven polyamide. 

he proper c'atalyst loading f o r  th i rd  electrodes f o r  use in s i lve r -  

2 .  admium ce l l s  i s  approximately 50-60 rng . ~ t / i n  . This amount of Pt is  re- 

quired t o  prevent loss  of ac t iv i ty  due t o  organic poisoning. We have 

2 ycled sealed Ag-Cd c e l l s  with 3rd. electrodes containing 50 mg %/in 

. I .  

f o r  4 months a t  temperatures up t o  1 4 0 ' ~  with no rkduction i n  ac t iv i ty .  
\ -4 

Slhese c e l l s  are  s t i l l  cycling. The work carried out a t  the G,E, Labora- - 
- .  , . ' 

i;dries a lso indicates tha t  th i rd  electrodes a re  des'irable fo r  m a h t a b - .  
d 

ing c e l l  "balance" during cycling. 
% 

a.. . \ 

I 
a .  

P 
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works exceptionally well  f o r  nickel-cadmium ce l l s ,  a problem ex i s t s  f o r  
* 

. si lver-cadmid ce l l s  in  matching the s tab is tor ' s  character is t ics  t o  the 

c e l l  under control, par t icu lar ly  the temperature coefficients of both. . 2 

It has been found tha t  even with a s tab is tor  present ~ ~ - d d  c e l l s  a re  

* capable of gassing a t  a r a t e  exceeding the recombination r a t e .  This 

can occur when the'cutoff or  bypass voltage fo r  the s tab is tor  is s e t  t o  
, .  

. . 
allow the cell. t o  charge rapidly and completely. I& addit  ion, s t ab i s to r  

devices as presently manufa~tured subject the c e l l  t o  a continuous drain 

. ( 

on stand, so tha t  the c e l l  must be continuously charged8 The present , 
I , 

I state-of-the-art  of s tab is tors  &erefore do not warrant t h e i r  inclusion 
, 

,. 
1 

i n to  t i e  c e l l s  f o r  t h i s  procurement. 

I '  

I . - 
4 FINAL CELL DESIGNS . . 

* 
L: . Based on the l i t e r a t u r e  review of past  NASA contractual e f fo r t s  and 

t -  
the previous'technical discussion, the following c e l l  design' have been 

. . 
selected f o r  the n1.5, 8, ,and 24 hour o rb i t  regimes. (see Sections 5 and 

. .  
. 6 f o r  a complete disclosure of gen;ral design parameters, i ~ c l u d i n g  

. . 
. * eleckrode and separator composition, process parameters and material  

suppliers ) . 
- 

4.1 DesignFor 1.5 hr. Orbit 
', 

Due t o  the high rake of charge required fo r  the 1.5 hr. orbi t ,  t h i s  
-. .I 

-, c e l l  was designed with the maximum number of plates  compatible with a 
I 

- , ' 

m i n h u m  i n i t i a l  ca-gacity of 11 ampere-hours. As mentioned i n  the Lech- 
- 

n ica l  discussion, the density of the s i l v e r  powder was kept Lou. (4.2 g/cc) 
v. 

\ 

. : 4 
d ' . .e 

* 

12 . 4. 
9 .  . . 

i 0 
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c)  Separator System ' ' . +  

Positive ,interseparator - : (Ty-ge: 1 bag of P-5 
L . . (  . (s ize:  1-21/32"w x 1-3/4" h (8 pcs) 

~ a i n  separator : (~ype': 5 turns of C-19 
( (size: 17-3/16" x 4" (4 pcs) 

. 
1 - Negative se$a;ator ' . : ( w e :  1 "u" of P-5 

' ( 
(size: 1-19/32". x 3-7/8': ( 9  pcs) . - 

I 

d )  Third Electrodes (see Section 4.1) f .  I I 

4 

e)  Electrolyte . 
Type: : 4% solution of potassium hydroxide I 

. - .'. . i n  water. 
! . . 

3 .  . * : 'k.3 Design for  24 hour Orbit 

In  consideration of the low ra tes  of charge (and discharge) required 

fo r  the 24 hour orbit ,  a minimum number of electrodes was used, and t o  . . . 
a. 

take advantage of- the extra  space available i n  the c e l l  pack, the am~iint 

of active materials was increased (15% over the 1.5 hr. design) and an 
' 2 . 9  . . 

additional layer of C-19 was added t o  the separator system, t o  provide 

f o r  the long wet l i f e  expected from the c e l l .  A heavy grid.was incor- 

porated t o  the positive electrodes t o  compensate f o r  the loss  of con- 

\. 
k. ductlvity due t o  the slow activatioti !.he so l id . s i lver  grid over a 
\ e - 

large number of low ra te  charges. 
J 

Design parameters are as  follows (refer  t o  Section 4 .1  fo r  parameters t 

Ji. 

no+ l i s t e d  below) .' , 

I .  
. .  4 - 

li 

17 ' . -. . * 
r -  . .  6 

. . -L--- - - 
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c )  Separator System . 
8 

1 

b 

Posit ive i n t e r  separator :. (~y-pe : 1 bag of P-5 . 
D ( 

. (size:  1-21/32" w x 1-3/4" h (6 pcs) 
& 

- Main separator : (~y-pe : 6 turns  of C-19 
( 
(size:  20$' x 4" (3  pcs) 

Negative sepaGator : (Ty-pe : 1 "u" of P-5 . , 
'1 

( .  
.. ( s i z e :  1-19/32" x 3-f/8" (7 pcs) 

I 

. d) Third Electrodes (see Section 4.1) . . . 
9 

e)  Electrolyte  / 

0 

me : 45% solut ion of potassium hydroxide 
8 .  . , in  water. 

* L 

. . 

Note3 

1) It i s  common pract ice  t o  include 3 t o  1% of cadmium oxide powder 

I in the posi t ive  electrodes of silver-cadmium ce l l s ,  as a protect ion 

against  gissing, in the event of an overdischarge. However, f o r  
. . 

the  shallow cycling regime intended f o r  the present ce l l s ,  over- 

+ discharge is  not possible, .except (a)  i n  case of c e l l  f a i l u r e  

(which is not dependent on the' presence or  absence of the cadmium - 
. oxide) or  (b) near.the end of the useful  l i f e  of the c e l l s  ( a t  

- > 

t h i s  point  the cadmium oxide may add a few.cycles t o  the l i f e  of 
, 

\, a ba t te ry) .  * 
t 

- 

For the above reasons, and since the addit ion of cadmium oxide 
A t 

'i 
would reduce the amount of act ive s i l v e r  i n  the ce l l s ,  it was de- 

. . 

I - 4 - - - 
8 

a \r 

. 19 ,.. I 
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cided not t o  include it i n  these c e l l s  for  the present program. 

2) The designations f o r , t h e  expanded metal s t r i p s  a r e  code numbers 
b 

assigned by the p e t  Corp., our supplier f o r  the product. , 

3) See Section 5 f o r  a description of the wrapping method. 

4) The correct  amount of e lec t ro ly te  f o r  a l l  designs w i l l  be de- 
6 

termined upon reception of the first prototype c e l l s  produced 
. ' 6  

by YEC* . . I : . . 

. . 

5 GENERAL DESIGN PAWlMETERS 
.. 4 

* 
5 01 Positive Electrodes. . - 

0 

5.1.1 Manufacturing Process. 
' . 

%. . The posi t ive  electrodes are cut  t o  s ize ,  by means of a blanking die,  . . 
a .  from.strips continuously produced by a r o l l i n g  m i l l .  The ro l l i ng  pro- 

- cess consis ts  of the following operations: (1)  t ransfer  of the  s i l v e r  
\ .  

powder from q storage hopper t o  a conveyor, (2) level ing of the powder 

t o  uniform thickness and weight per un i t  area by the successive ac t ion  
. .  . . 

of two adjustable' doctor b lades ,  (3) covering of the  moving *layer of 

powder by a sheet of expanded s i l v e r  metal (exmet), (4) pressing of the 

powder and exmet t o  uniform thickness with a r o l l e r ,  ( 5 )  exposing the 
... 

. moving s t r i p  t o  s in te r ing  temperature of an e l e c t r i c  f'urnace and (6) 
. ,  

a i r  cooling of the s intered s t r i p .  .. - I 

\. .. . During the ro l l i ng  operation, the finished s t r i p  is  regular ly  checked - 
-\ . - 

. f o r  weight and t h i c h e s s  as  it comes out of the r o l l i n g  m i l l  and adjust-  
9 

J t 

ments are made immediately, whenever necessary. Each individuaJ p l a t e  
\ 

i s  a l so  checked fo r  weight before spot-weldkng the leads, which i s  the 
. . 

I - 
* 

)r 

B e  20 
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f i n a l  operation i n  the  manufacture of the p la te .  After spot-welding, 
$ 

b 

the  electrodes a re  checked f o r  thickness, including the lead area.  
e 

.I 

5.1.2, Materials . 
L 

5.1.2.1 Si lver  Powder 

A) Physical Properties 
. '  

a )  Apparent deLsity: 1.4 t o  1 .9  ,g/cc. , s 

b)  Average s ize:  2.0 - 4.0 microns. 

B) Mechanical composition: -99 ,% minimum s i l v e r  (dry bas i s )  ; max . of 

0.3% (as  ~ g )  of soluble s i l v e r  s a l t s .  

E l ec t r i ca l  properties:  The powder must have an e l e c t r i c a l  u t i l i z a -  
I 

-\ - ' t i on  of 2.6 grams per ampere-hour o r  be t t e r .  

5.1.2.2' Expanded s i l v e r  g r id  (exmet) . '. 
. - The g r id  i s  made from so l id  s i l v e r  sheet, by means of a spec ia l  ma- 

chine t o o l  which punches and expands the b e t a l ,  t o  form a perforated 
'. 

. . sheet, with diamond shaped holes.  The thickness of the o r ig ina l  sheet, 
L. 

the  s t rand width of the finished, g r id  and the pa t te rn  of the openings 

may be varied according t o  specif icat ions .  The f inished gr id  has a 

s i l v e r  content greater  than 99,%. 
\ *  

- 
5.2 . Negative Electrodes 

- . .  
. . 5.2.3. Manufacturing d Process . . 
', 

'.. 
\ The negative mix, ,consisting of cadmium oxide powder, s i l v e r  powder, 

1 
- 

Teflon suspension and nylon. f i be r s  i s  prepared, taking spec i a l  preeau- 
d 

%ions t o  obtain a' perfect .  dispersion of the  f i be r s .  The mix is- s intered 
. '. 

, 4 
# - . e 

e 

21 . -. 
a . . 8 



suspension 



The nylon f ibers  are 'obtained from .&all cuts of woven nylon separator . 
material, by means of a blender. Special care must be taken t o  use only 

. very small s ize fibers,  t o  avoid mechanical d i f f i cu l t i e s  i n  the prepara- 
_ , -.._ -- _._, __--- I- . - . . -- 

t i o n  of the m i x  and construction of the electrodes. 

m a  5.3 Third Electrodes 

A detailed account of the  s ize  and location of the t h i h  electrodes . . 
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LIST OF SUPPLIERS . . 
t. 

' . 

. 
. . 

It em - Supplier . . . . 

' 8 '  

s i l v e r  Powder Yardney Chemical, Modena, N.Y. 

Expanded Metal . . Exmet Corh., Tockhoe, - .  N.Y. 

Cadmiurn Oxide Powder American Smelting & Refining Co ., 
New York, N .Y. 

Teflon , E. I .  du Pont de Nemours & Co., ' 

; New York, N. Y. 

Pellon (P-3, P-5, P-12) Pellon Corp . , New York, N.Y. 

C-19  Yardney Chemical, Modena, N .Y. 

Cellophane 300 PUT-0 , E. I. duClaont de Nemours & Co. . 

'. 
s i l v e r  Wire Handy and Harman Co . , M t  , Vernon, N. Y . 

. . C 

Third Electrodes American Cyanamide Co., Wallingford, Conn. 
- 1  

Vexar P l a s t i c  Netting . E.  I. du Pont de Nemours & Co. 

KOH ' , . Hooker Chemical Corp . , No. Tonawanda, 'N .Ye . 
, . 
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7.2 . Voluple (same f o r  a l l  designs) ' 
a 

a)  Unsealed, w . 0 .  terminals 6.7 in3 .I 

3 b ) Unsealed, ' including terminals : . 7.95 in . ' .  

c )  Potted, w .o, connectors . . a U.75 in3 . =  
4 

-13.65' in3 
> .  . d) potted, including connectors . ' 

- . .  .. 
. . 

t 
I .  

Note: For c e l l  dimensions, see assembly drawings attached 
t ,  

.' t o  this report.  ' .  . .6' 
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